ABSTRACT In order to promote farming of guinea fowl and to diversify the sources of income of Ivorian farmers, a survey was conducted in 2016 in 15 regions (197 farmers) out of a total of 31 regions in Ivory Coast. The aims were 1) to establish a better knowledge of guinea fowl farming; 2) to assess the level of technical knowledge of farmers; and 3) to establish a global typology of farmers based on their socio-economic profile, the goal of the farming (sale or consumption), and their level of technical knowledge. The sampling was realized according to a snowball type design (chain referral sampling method) a non-probabilistic method where farmers were selected not from a sampling frame but from the friendship network of existing farmers of the sample. Guinea fowl farming was undertaken by persons from all the social levels with no distinctions due to sex, religion, ethnic group, or level of education.
INTRODUCTION
According to the FAO (Kone and Danho, 2008) , in the Ivory Coast, poultry farming is an essential part of animal production. Indeed, poultry meat represents 44% of the Ivorian meat production (Kouadio et al., 2013) . Ivorian poultry farming includes chicken, guinea fowl, ducks, turkeys, and pigeons. Among these species, guinea fowl play an important sociocultural role (sacrifices during ritual ceremonies, gifts for important visitors, or gifts for weddings). In the Ivory Coast, guinea fowl are considered as luxury poultry and their farming can play an important role in the reduction of poverty of small farmers and has also an important role by increasing the self-sufficiency in animal proteins for these small farmers. More than 70% of poultry farming is traditional because of the low initial investment (Kone and Danho, 2008) ; the animals primarily wander whether being fed by the farmer or not. In comparison to chicken farming, guinea fowl farming is more profitable because guinea fowl are more resistant to pathologies present in the Ivory Coast and so it is a bird well adapted to traditional farming (Mishra et al., 2002) . However, despite the importance of guinea fowl farming for the Ivory Coast, research has never been undertaken on this species in this country. In 2016 a survey was conducted in 15 regions (197 farmers) out of a total of 31 regions in Ivory Coast. The aims were 1) to establish a better knowledge of guinea fowl farming; 2) to assess the level of technical knowledge of farmers; and 3) to establish a global typology of farmers based on their socioeconomic profile, their level of technical knowledge, and the goal of the farming (sale or consumption).
MATERIALS AND METHODS

Location of the Survey
Ivory Coast is a West African country. Its surface is about 322,500 km 2 and the population was estimated to be 22,671,331 inhabitants in 2014. The survey was carried out in 96 villages and districts in 15 regions randomly selected among the Ivorian 31 regions (Figure 1 ). 
Methodology of the Survey
The study was a transversal survey combined with a retrospective survey. The survey was realized in the Ivory Coast, with only 1 visit in each of the 197 guinea fowl farmers who were the owners of at least 1 male and 1 female. It was carried out in 2016, on the basis of face-to-face interviews.
Sampling
The sampling was realized according to a snowball type design, a non-probabilistic method where farmers were selected not from a sampling frame but from the friendship network of existing farmers of the sample (Salganik and Heckathorn, 2004) . The first interviewed persons give information on other guinea fowl farmers who in turn will also provide information on farmers they know (Johnston and Sabin, 2010) . The survey lasted until the interviewed farmer could not provide information on other farmers who were not already interviewed (Berteau, 2006; Kouakou et al., 2011 Kouakou et al., , 2015 .
The pilot test to validate the questionnaire was achieved with guinea fowl farmers from Toumodi (town in southcentral Ivory Coast). With the not probabilistic method that was used, all the farmers who were met were interviewed (Kouakou et al., 2011) .
Statistical Analysis
The questionnaire consisted of responses to qualitative and quantitative variables. Socioeconomic profile of the guinea fowl farmers was determined by a descriptive analysis. The analysis of the goal of the guinea fowl farmers used the classification and regression tree method on socioeconomic data (Kouakou et al., 2011) . The classification and regression tree is obtained by a binary recursive partitioning. The process is binary because parent nodes are always divided into 2 descendant nodes and recursive because the process is repeated by considering each node as a parent node (Speybroeck et al., 2004) .
The assessment of the farmer education level started with the selection of the most discriminatory variables.
A classification (very good, good, or bad) was assigned to each answer. The types of zootechnical knowledge were identified through a multiple correspondence analysis (MCA) of the raw data. This method is often used to describe, explore, summarize, and visualize information contained within questionnaire data (Husson and Josse, 2014) . Multiple correspondence analysis was followed by an ascending hierarchical classification (AHC) with standard settings (Euclidean distance, Ward's method, automatic truncation). The inputs of the AHC were the coordinates of the weighted percentages of inertia axes, reduced off-center.
The type of zootechnical knowledge was then linked with socioeconomic data to produce a comprehensive typing of farmers by using MCA and AHC. The quantitative variables were used to compare the groups resulting from global typing by ANOVA (ANOVA type I). A Tukey's honestly significant difference post hoc test was then carried out to determine quantitative variable means which significantly differed.
The problem tree, relational analysis tool was used to analyze the current situation of guinea fowl farming. This tree is used to identify a central problem, and its primary causes and effects (Anyaegbunam et al., 2004; Ghazouani et al., 2007; Kouakou et al., 2015) . Statistical analysis was assessed by using software R version 3. 
RESULTS AND DISCUSSION
Socio-Economic Data
The final sample was composed of 197 guinea fowl farmers. The majority (93.9%) of the farmers were men, most of the farmers (86.8%) were adults among which 81.3% were heads of family. Guinea fowl consumption was not taboo in the areas of the survey and the sample was equally distributed between the different ethnicities and the main Ivorian religious groups, with 29.9% of Christians, 52.8% of Muslims, and 17.3% of atheists. Sanfo et al. (2007) showed the same results in Burkina Faso. More than half of the farmers were literate (54.3%), with 20.3% of the farmers who had attended primary school, 10.7% had the college level, and 23.3% the high school level. This is slightly different than the results of Avornyo et al. (2016) who reported that in Northern Ghana, only 36% of guinea fowl farmers were literate with only 6.6% of them having a high school level.
The goal of different groups of farmers was the sale of their animals (38.1%), sale and family consumption (56.8%), and family consumption alone (5.1%). The proportion of farmers who sold their animals was similar to the situation in Burkina Faso (Sanfo et al., 2007) .
Animal Husbandry
The survey represented a total of 16,764 guinea fowl, of which 3,669 were adult females and 11,407 were young animals (less than 2-mo-old) and 1,688 were males and females older than 2-mo-old (but not adult) and adult males. Approximately 11.3% of the total number of birds originated in France and had been selected for their growth performance. The average farm consisted of 85 guinea fowl ranging from 3 to 800 animals from which 67.9% were indigenous animals (raised during 6 mo of age), 11.3% were selected guinea fowl (raised during 90 d), and 20.8% were animals from crosses of both breeds. The majority of the farmers (94.9%) used indigenous birds and crosses, and of this majority, 75.1% kept less than 50 guinea fowl.
On small farms, equipment such as feeders and drinkers were very basic (cut pots, broken canaris (large African cooking pots), cemented holes in the ground) which was similar to the equipment in Nigeria (Ayorinde, 2004) . The guinea fowl were fed diets that did not meet their needs in terms of quality and quantity as it was described in Upper Volta by Nagalo (1984) and in Burkina Fasso by Bako (2004) . Adult guinea fowl were fed once a day (in the morning) and received a few handfuls of maize, maize bran, or rice bran. In the morning and evening they received a supplement of termites harvested or produced by the farmer. The animals were not watered or if they were, the water quality was bad.
More than half of the adult birds (53.3%) slept in trees because the farmers did not furnish them shelters. The other farmers provided shelters such as small huts in palm or bamboo leaves for their adult guinea fowl and perforated calabash for young animals. Chicks primarily lived in the kitchen with their mother.
Age at sexual maturity of females was 6 mo and for males it was 7 mo. Guinea fowl mating was during the rainy season and the number of eggs per female and per year averaged 116. According to the farmers, guinea fowl rarely brooded their eggs and consequently laying hens were used by the farmers (Laurenson, 2002; Obun, 2004; Saina et al., 2005; Sanfo et al., 2007) . Hatching rate was on average 72% and was similar to the rate observed by Laurenson (2002) in Benin but higher than the rate of 63.8% observed in Zimbabwe by Zvakare et al. (2018) . Average mortality rate of the young animals was 43% and was lower than the observed mortality in Burkina Faso or in Benin (Bessin et al., 1998; Boko et al., 2011) but was higher than the 25% mortality observed by Zvakare et al. (2018) in Zimbabwe. The guinea fowl were sold on site or at local markets. The price of eggs for human consumption and the price of live animals varied regionally, respectively, between 35 and 300 CFA Francs per egg and between 2,500 and 10,000 CFA Francs for a live guinea fowl. Moreover, white guinea fowl are more expensive than grey fowl since they are preferred for sacrifices and witchcraft. 
Main Determinants of Guinea Fowl Farming by the Classification Analysis
The analysis of the classification tree with the "goal of the guinea fowl farming" as dependent variable is presented in Figure 2 . The main variables and their index were in descending order: the number of animals (18.4), education level (9.2), and religion (3.9). The regression model contained these variables as the principal variables, which reflected their ranks in the hierarchy of all the socioeconomic variables (Kouakou et al., 2011) . In the context of our study, the relevance of the variable 'number of animals' could be linked to the farmer technical skills, to the importance of the resources invested in this activity, and the interest of the farmer for this activity. The terminal node 1 included 49 farmers who had more than 48 guinea fowl. This group was a minority (24.9 %) and 89.9% of these farmers considered the guinea fowl as a source of income through commercialization. The terminal node 2 included 22 farmers with a level of education higher than college. 45.4% of these farmers commercialized their products. The terminal node 3 included 106 farmers who were older than 59 yr. Their level of education was college or below this level. The majority (82.1%) kept a part of their production for their family consumption, the remainder was sold. The terminal node 4 included 4 Muslim farmers of which the majority (62.5%) commercialized their products and the terminal node included 12 Christian or atheist farmers whose majority (83.3%) commercialized a part of their production and kept a part of their production for their own consumption. Through the commercialization and the on-farm consumption of eggs and meat, guinea fowl farming helps to reduce the poverty in rural areas and to improve the nutritional status of people from the social environment of the farmer. The prediction rate of the classification tree was 64.2%.
Evaluation of Technical and Zootechnical Knowledge of Guinea Fowl Farmers
Multiple correspondence analyses on 8 variables (Figure 3 ) led to a dispersion of farmers into 6 factorial axes. On the basis of the adjusted inertia, which was much closer to reality according to Greenacre and Pardo (2005) , this graphic display explained 84.9% of the total variability. The hierarchical grouping on the basis of the coordinates of the farmers led to 3 groups of farmers (Figure 3) . The division into 3 groups appeared to be linked to the poultry house and the feeding. The intragroup variances were 0.19, 0.22, and 0.10 for the groups 1, 2, and 3, respectively.
By descending capacity order, the first group of best technicians was a minority of farmers (19.3%). The characteristics of this group were as follows: 1) 100% of the farmers fed young guinea fowl and 86.8% of the farmers fed adult birds, 2) all the animals were in a poultry house, 3) 52.6% of farmers selected males for the reproduction on the basis of their conformation, and 4) half of the farmers visually graded the eggs into 3 categories (big, medium, and small). The majority (86.8%) of these farmers had more than 50 guinea fowl, 60.5% had a good sex-ratio (3 females for 1 male), and 65.8% of the farmers had a good apparent hatching rate (60 to 80%). The second group of good technicians included 47.2% of the farmers. The characteristics of this group were as follows: 1) 94.6% of the farmers fed the young guinea fowl and 64.5% of the farmers fed adult birds, 2) 52.7% kept their animals in a semblance of house, 3) 20.4% of farmers selected males for the reproduction on the basis of their conformation (and 40.9% of farmers selected the males on the basis of the color) and 38.7% of the farmers visually graded the eggs, 52.7% had a semblance of house for their animals and 77.4% had a sex ratio of less than 3 females for a male and 36.5% of the farmers had a good apparent hatching rate. More than half of the farmers (63.4%) owned between 10 and 50 guinea fowl. The last group (33.5% of the farmers) was qualified as bad technicians with no feed for the animals, and only 7.6% had a semblance of house for their guinea fowl. The majority of the farmers from the last group had less than 10 birds (66.7% of the farmers) and a good apparent hatching rate (77.3% of the farmers) (Figure 3 ). In Ghana, the sex ratio was 1 cock for 1.4 females (Avornyo et al., 2016) ; in Nigeria and Zimbabwe, Yabuku et al. (2014) and Zvakare et al (2018) respectively observed a sex ratio of 1 cock for 2.3 females.
Global Typology of Guinea Fowl Farmers
Multiple correspondence analyses have led to a dispersion of farmers in 9 factorial axes. This graphic display explained 74.1% of the total variability. The hierarchical clustering on the basis of details of individuals shows that 3 groups of farmers can be distinguished by affinity (Figure 4) . The division into 3 groups appeared to be related to the education level, the poultryfarming knowledge, the religion, and the flock of the breeders. The intragroup variances were 0.19, 0.08, and 0.23 for the groups 1, 2, and 3, respectively. The majority (82.3%) of farmers from the group 3 had a very limited knowledge of poultry farming. More than half of these farmers (64.5%) were illiterate and had less than 10 guinea fowl (59.7%). Half of them were atheist. The group 2 was characterized by a majority (59.7%) of Muslim farmers. The majority (92.2%) of the farmers from group 2 were good farmers. In this group 2, 59.7% of farmers had between 10 and 50 guinea fowl. The average sex ratio (female/male) applied by the farmers of the group 1 (3.1) was higher than those of the groups 2 and 3 which were not different (2.3). The average herd size of group 1 (201.1) was 4 and 10 times higher, respectively, than those of groups 2 (50.3) and 3 (19.5) which were different.
The group 1 was characterized by an education level of at least the high school level for 63.8% of the farmers. These farmers were in majority (70.7%) Muslims. For the majority of these farmers (91.4%) guinea fowl farming was a source of income. This group was composed by very good (60.3%) or good technicians (20.7%) and 63.8% of the farmers had more than 50 guinea fowl.
This typology confirmed that cultural context was a very important factor in the development of guinea fowl farming. In the Ivory Coast, 95% of Muslims belong to 2 ethnic groups Voltaic or Gou (Kouakou et al., 2011) . These ethnic groups live in the north of the country. This part of the Ivory Coast is adapted to livestock farming and the population has a pastoral tradition since decades which explains their high technical skills.
Constraints of Guinea Fowl Farming in Ivory Coast
Numerous constraints (presented in Figure 5 ) handicap the optimizing efficiency of guinea fowl farming. The majority of farmers (95.9%) thought that the very high mortality of young birds was the most critical factor. The situation is similar in sub-Saharian African countries such as Zimbabwe (Saina et al., 2005) , Burkina Faso (Sanfo et al. 2009 ), Benin (Boko et al. 2012) , or Ghana (Mohammed and Dei, 2017) . This mortality can have several causes and these authors found that the mortality could be attributed to the susceptibility of guinea fowl chicks to adverse weather conditions, to diseases and parasites, and to poor management. The cold and humidity sensitivity was also noted by other authors (Castaing, 1979; Sanfo et al., 2009) for which young guinea fowl are incapable of thermoregulation. This mortality could be decreased if farmers had access to technical training, especially to training on young guinea fowl management. Another constraint was the low capacity for brooding of female guinea fowl. In addition, the lack of feed adapted to guinea fowl was a hindrance to the development of successful breeding. The last constraint was the loss of animals and eggs by predation and theft.
Guinea fowl farming had some weaknesses which include minimal technical knowledge of guinea fowl management and a reduced capacity for successful incubation. Furthermore, the lack of training on the guinea fowl chicks breeding, the lack of instructors in guinea fowl farming, and the lack of adequate cheap feed adapted to guinea fowl were significant weaknesses that hindered the development of the guinea fowl breeding.
In view of these difficulties, some farmers developed certain skills more or less efficacious. The development of sustainable guinea fowl farming should take into account farmers' empirical knowledge as well as the goal of their production. The development also needs a plan for health management. The development of this breeding activity could make a contribution to food selfsufficiency in animal proteins and to the fight against poverty in Ivorian rural areas.
